Pooled analyses among whites and East Asians have demonstrated positive associations between all-cause mortality and body mass index (BMI), but studies of African Americans have yielded less consistent results. We examined the association between BMI and all-cause mortality in a sample of African Americans pooled from seven prospective cohort studies: NIH-AARP, 1995 Adventist Health Study 2, 2002-2008 Black Women's Health Study, 1995 Cancer Prevention Study II, 1982-2008 Multiethnic Cohort Study, 1993 Prostate, Lung, Colorectal and Ovarian Screening Trial, 1993-2009; Southern Community Cohort Study, 2002 African Americans (including 100,175 never smokers without baseline heart disease, stroke, or cancer), age 30-104 (mean 52) and 71% female, were followed up to 26.5 years (mean 11.7). Hazard ratios (HR) and 95% confidence intervals (CI) for mortality were derived from multivariate Cox proportional hazards models. Among healthy, never smokers (11,386 deaths), HRs (CI) for BMI 25-27.4, 27.5-29.9, 30-34.9, 35-39.9, 40-49.9, and 50-60 kg/m 2 were 1.02 (0
Introduction
The prevalence of obesity has increased rapidly in recent decades in the United States [1] [2] , and the increase has been especially pronounced in African American women where the obesity prevalence is predicted to be over 70% by 2020 [3] . Two recent large pooled cohort analyses among white adults found that obesity is associated with up to two-fold increased risks for allcause mortality [4] [5] . Similar but somewhat weaker relative risks were also observed in a pooled analysis among East Asians [6] . However, results to date from individual studies of African Americans have been less consistent [7] [8] [9] [10] [11] [12] [13] . For this reason, we examined mortality in relation to BMI in a pooled analysis of African American participants from seven epidemiologic cohorts with appreciable numbers of African American participants.
Methods

Cohort Inclusion Criteria
Prospective cohort studies participating in the National Cancer Institute Cohort Consortium [14] that had at least 7,500 African American participants were eligible for inclusion. Seven cohorts were included (Table 1) 
Study measures
Baseline data from the seven cohorts were harmonized by Westat, Inc. (Rockville, MD). BMI at cohort entry, nearly all calculated from self-reported height and weight, was categorized in predefined categories of 15-18.4, 18.5-19.9, 20-22.4, 22.5-24.9, 25-27.4 , 27.5-29.9, 30-34.9, 35-39.9, 40-49.9, and 50-60 kg/ m 2 . Potential confounders were harmonized as follows: education (, high school, high school, post-high school, some college, college, and . college), marital status (married, divorced/ separated, widowed, single), alcohol consumption (None, ,5, 5-9, 10-14, 15-30, and 30+ grams/day), cigarette smoking (never smokers, and former and current smokers categorized by packyears of exposure) and physical activity (grouped as low, medium, or high by individual cohorts and based on categories approximately equivalent to ,1 hour/week, 1-3 hours/week, and 3+ hours per week of moderate and/or vigorous activity for the majority of cohorts).
Follow-up and mortality assessment
Follow-up began one year after cohort entry in order to exclude deaths where disease-related weight change near the time of enrollment might bias the results. For individuals less than 30 years old at the time of study entry, follow-up was started at age 30. Follow-up continued until the first of date of death, end of followup for each cohort, or last known date alive for those lost to followup. The primary outcome of interest was all-cause mortality. Broad categories of cause-specific mortality were also examined, and groupings were determined from International Classification of Diseases (ICD) codes. For cardiovascular disease (CVD), codes included ICD9: 390-459, 798; ICD 10: I00-I99. For cancer, codes included ICD9: 140-239; ICD10: C00-C97. All other causes of death excluded external causes of death.
Statistical analysis
Cox proportional hazards regression models with age as the underlying time metric and stratified by cohort were used to estimate hazard ratios (HR) and corresponding 95% confidence intervals (CI) for all-cause, CVD, and cancer mortality by categories of BMI using a referent of 22.5-24.9 kg/m 2 , similar to previous pooled analyses [5] [6] . Models were adjusted for education, marital status, alcohol consumption, and physical activity. The primary analysis was limited to individuals who selfreported no major chronic illness at baseline (heart disease, cancer excluding non-melanoma skin cancer, or stroke) and who had never smoked in order to reduce the possibility of uncontrolled confounding from cigarette smoking and preexisting disease. Prespecified secondary analyses included all participants regardless of baseline health or smoking status with additional adjustment for cigarette smoking in 9 categories (never; former/,2.4 packyears; former/2.4-8.4 packyears; former/8.5-19.9 packyears; former/ 20+ packyears; current/,8 packyears; current 8-14 packyears; current/15-26 packyears; current/27+ packyears, with packyear cut-offs corresponding to 25 th , 50 th , and 75 th percentiles separately among former and current smokers). Further prespecified secondary analyses also included models stratified by education status, duration of follow-up, region of the country, age, and level of physical activity. The proportional hazards assumption was evaluated by including an interaction term between BMI and follow-up time in the primary model. All Cox regression models were conducted using SAS/STAT software, version 9.3 of the SAS System for Windows (SAS Institute Inc., Cary, NC).
Heterogeneity among cohorts was assessed using the Q and I 2 statistics calculated using Stata 12 Software (StataCorp, College Station, TX). Additionally, the impact of dropping individual cohorts was assessed by computing HRs among the remaining cohorts for 5-unit increases in continuous BMI within two strata, 15-24.9 and 25-60 kg/m 2 to account for the non-linear relationship between BMI and all-cause mortality.
Age-standardized death rates were calculated by applying weights from the US Standard Population for 2000 to the crude death rates calculated in 5-year age-increments in our pooled population. 
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Characteristics of cohort participants
Of the 239,526 black adults from seven cohorts who were eligible for this analysis, 71% were female, median age at cohort entry was 52 years, and participants were followed for an average of 11.7 years (maximum 26.5 years) ( Table 1) . At study entry, approximately one-third of the participants were overweight (BMI 25-29.9 kg/m 2 ) and close to another third were obese (BMI $ 30 kg/m 2 ). The prevalence of overweight was higher among men than women (44% versus 33%) while women were more likely than men to be obese (37% versus 24%). Half of the participants reported smoking, either formerly (25%) or currently (24%). The prevalence of current smokers declined monotonically with increasing BMI from 37% among those with BMI ,18.5 kg/m 2 to 16% among those with a BMI $40 kg/m 2 (Table S1 ).
BMI and All-cause Mortality
Among 100,175 individuals (18,060 men, 82,115 women) who were never smokers without chronic illness at baseline, 11,386 deaths occurred (3,519 in men and 7,867 in women). HRs for allcause mortality were elevated with decreasing and increasing BMI Figure 1 . Association between body mass index and all-cause mortality, stratified by sex. Hazard ratios (HR) and 95% confidence intervals (CI) from multivariate Cox proportional hazards models for the association between body mass index (BMI) and all-cause mortality among never smokers with no baseline chronic illness (including heart disease, stroke, or cancer of any type except non-melanoma skin cancer), and among all participants, stratified by sex. NOTE: All models stratified by cohort and adjusted for education, marital status, alcohol consumption, and physical activity. Models including all participants were further adjusted for cigarette smoking status. doi:10.1371/journal.pone.0111980.g001 compared to the referent of 22.5-24.9 kg/m 2 (Table 2, Figure 1 ). Results were generally consistent among men and women (Table 2) . HRs among women increased with progressively higher categories of BMI starting at 25-27.4 kg/m 2 , and a similar pattern was seen among men although the HRs were not significantly elevated until BMI values were $30 kg/m 2 . Figure 1 also displays HRs for all participants (i.e. not restricted by smoking status or chronic disease at baseline; N = 62,126 males with 16,410 deaths and N = 155,026 females with 21,297 deaths). Similar J-shaped patterns were evident in the primary, i.e. restricted, population and the non-restricted population although the magnitude of association was weaker among the non-restricted group, especially in the obese range and for men.
In models stratified by duration of follow-up (Table 3) , the elevated HRs for BMI categories below the referent were reduced and above the referent were increased as follow-up time increased. With 12 or more years of follow-up, no elevation in risk was seen for BMI categories below the referent while the HRs for categories above the referent were accentuated and significantly increased even at BMI 25-27.4 kg/m 2 . These patterns were also generally seen when the models were stratified by gender (Table S2) . Formal tests for violation of the proportional hazards assumption in the primary analysis showed non-significant changes for males (p = 0.36) while for females the interaction (changing patterns over time) was significant (p,0.01).
The association between BMI and all-cause mortality varied across levels of education. For individuals with more than a high school education, the HR in the highest category of BMI (40-60 kg/m 2 ) was 2.15 (95% CI 1.85-2.49) compared to 1.40 (95% CI 1.16-1.69) for those with less than a high school education (Table 3) ; similar variation by education was observed among males and females separately (Table S3) . Importantly, absolute death rates differed by educational category: the age-adjusted death rates for those in the referent BMI category were 11.7, 9.4, and 6.9 per 1,000 person-years for those less than 12 years of education, 12 years of education, or education beyond high school, respectively. However, similar to the excess relative risk, the excess absolute risk associated with high BMI (40-60 kg/m 2 ) Chronic illness includes heart disease, stroke, or cancer (except non-melanoma skin cancer). b Participants from only 4 cohorts with duration of follow-up 12+ years (AARP, BWHS, CPSII, and MEC). Models adjusted for sex, education, marital status, alcohol consumption, and physical activity. Models stratified by cohort. Age-adjusted death rates among referent BMI category (22.5-24.9) were 7.1, 10.1, and 9.4 per 1,000 person-years for strata of follow-up of ,6 years, -,12 years, and 12+ years, respectively. Age-standardized death rates among referent BMI category (22.5-24.9) were 11.7, 9.4, and 6.9 per 1,000 person-years for strata of , high school, high school, and greater than high school education, respectively. Age-standardized according to the US 2000 Standard Population using 5-year age increments. doi:10.1371/journal.pone.0111980.t003 Table 4 . Hazard ratios (HR) and 95% confidence intervals (CI) from multivariate Cox proportional hazards models for all-cause mortality according to categories of body mass index among African American participants without chronic illness a at baseline who never smoked, stratified by specific cause of death. versus BMI of 22.5-24.9 of 7.9 per 1,000 person-years among those with more than a high school education was greater than the excess of 4.7 per 1,000 person years associated with high BMI among those with less than a high school education. Patterns of association by region of the country were generally similar (Table S4) . Results were also similar for categories of age at baseline of ,40, 40-49, 50-59, and 60-69, but an association between BMI and all-cause mortality was not observed for those 70+ years of age at enrollment (Table S5) . Risk of mortality increased with increasing BMI at all levels of physical activity and the associations were somewhat stronger among the most physically active (Table S6) .
BMI and Cause-specific Mortality
CVD was the leading cause of death among cohort participants (43% and 40% of deaths were due to CVD among men and women, respectively, while 25% and 27% were due to cancer). Significantly elevated HRs for CVD were evident beginning at BMI values of 25-27.4 kg/m 2 and increased monotonically to 2.27 (95% CI 1.94-2.66) among those with BMI of 40-60 kg/m 2 (Table 4) with similar results for men and women (Table S7) .
HRs for cancer deaths were only modestly elevated for individuals of high BMI, with 13-23% increases for BMI $ 30 kg/m 2 ( Table 4) .
Heterogeneity across cohorts
Significant heterogeneity across the cohorts for the BMImortality association was observed for males (Q statistic p, 0.0001) and females (p,0.0001) ( Figure S1 ). Among males, heterogeneity across cohorts was less for BMI of 15-24. (Table S8 ). The exception was in the BMI 15-24.9 kg/ m 2 category for both men and women, where the decline in risk with rising BMI over this range was greater after dropping the CPS II cohort.
Discussion
In this large pooled analysis of African Americans from seven prospective studies, BMI was associated with all-cause mortality risk in a J-shaped relation among never smokers without major chronic illness at study entry. With the reference category of 22.5-24.9 kg/m 2 , HRs tended to rise with decreasing BMI, reaching a 30% increased risk among the underweight. With increasing BMI, all-cause mortality risk gradually increased beginning at all levels of overweight (for women) and obesity (for men and women) and culminated in a doubling of risk among those with BMI exceeding 40 kg/m 2 . When assessed by duration of follow-up, the excess risk among the underweight was attenuated, whereas the elevated risk associated with higher levels of BMI was accentuated. Similarly shaped patterns of association between BMI and all-cause mortality were seen when all participants, including smokers and those with prevalent serious diseases, were evaluated. However, the magnitudes of the HRs were uniformly lower compared with the primary analysis of healthy, never smokers, possibly related to residual confounding from our inability to completely control for the effects of smoking and prior illness on both BMI and mortality.
Positive associations between BMI and all-cause mortality in African Americans have been reported in several large studies [7] [8][11] [13] , while other studies have yielded weaker or null results for African Americans [9] [12] [15] . Such inconsistencies were noted across published findings in several of the individual cohorts pooled here, and indeed, such differences in part prompted the current investigation. For example, in the Black Women's Health Study [11] , with an average of 12.3 years of follow-up, there was a significant positive association between increased BMI and mortality, whereas in the Southern Community Cohort Study [12] , with an average of 5.2 years of follow-up, being obese at cohort entry was not associated with elevated mortality among black men or women. The pooled data presented here from all seven cohorts, with stratification by length of followup, demonstrate the importance of longer follow-up from the time of BMI assessment, and explain, at least in part, the different findings of previous single-cohort analyses.
The observed positive association between BMI and all-cause mortality varied across strata of educational attainment, with stronger associations in the most educated group, a finding that has been observed in individual studies of African Americans [10] [11] [12] . This is not surprising given that the absolute death rate was considerably lower in the most highly educated group, although the stronger effect among the more highly educated persisted regardless of whether relative or arithmetic excess risks were considered. The link between low socioeconomic status, for which education is a close proxy, and increased risk of mortality is well-established [16] [17] . Factors such as less access to and poorer quality of care, psychosocial stress, and adverse neighborhood environment which are more common among low-income populations may compete with obesity in adversely affecting health and thus reduce the relative impact of obesity on all-cause mortality [18] [19] . Previous conflicting findings in single cohort studies of African Americans may be due in part to the different underlying populations (i.e., higher or lower socioeconomic status) in each study. At the extremes are the Black Women's Health Study with a high proportion of high school graduates and the Southern Community Cohort Study with a significant proportion of participants who had not completed high school.
In the present analysis, HRs were elevated for underweight African Americans after excluding the first year of follow-up and restricting the main analysis to individuals who didn't report heart disease, stroke, or cancer at cohort enrollment. However, as preexisting disease is strongly related to both lower BMI and higher risk of death, bias related to preexisting disease remains a plausible explanation for the increased HRs observed for low BMI. Indeed, with longer duration of follow-up, the elevated HR among the underweight disappeared.
The J-shape of the BMI and all-cause mortality association and the similarity of findings for men and women in this pooled analysis of African Americans are generally similar to the recent pooled analysis of over 1.4 million white adults [5] , although the magnitude of the hazard ratios were somewhat lower in the present study than in the study of whites. Our results were also qualitatively similar to results from a large pooled analysis of Asians [6] .
A recent meta-analysis examining BMI and all-cause mortality in 97 studies reported lower all-cause mortality for the overweight (BMI 25.0-29.9 kg/m 2 ) than those of normal weight (BMI 18.5-24.9 kg/m 2 ) with an HR of 0.94 [95% CI 0.91-0.96]) [20] . When we grouped BMI in the same, wider categories as used in the meta-analysis, our HR for overweight was 0.98 (0.90-1.06) in males and 1.07 (1.01-1.13) in females which was again not consistent with a reduced risk of mortality among the overweight. In comparing these studies, it should be noted that pooled analyses such as this one have the advantage of better control for confounding than meta-analyses, particularly for important confounders such as smoking.
Death from CVD showed the strongest association with BMI in this study with elevated HRs starting at BMI values of 25-27.5 kg/m 2 (HR = 1.14 [95% CI 1.04-1.25]) and steadily increasing to 2.27 (95% CI 1.94-2.66) in the highest category of BMI. The strength of the association between BMI and CVD seems likely to follow from the well-established links between obesity and important cardiovascular disease risk factors such as dyslipidemia, hypertension, and insulin resistance [21] . Whether differences in the association between these risk factors and obesity vary by race remains to be clarified, but if they are present, they may contribute to differences observed in the magnitude of association by race.
In contrast to CVD mortality, the association we observed between BMI and all-cancer mortality was weaker. Even for individuals with BMI $35 kg/m 2 , there was only a modest elevated mortality risk (,20%), a finding that may be explained by inverse associations with obesity for some types of cancer and positive associations with obesity for others [22] .
A major strength of this pooled analysis is the very large sample of African Americans, allowing for the most precise estimates yet available of the risk of mortality in association with BMI across gender groups and over wide ranges of age and body size. To date, many fewer studies have examined this question in African Americans than in whites, and the sample sizes of the pooled analyses reflect this disparity (1.46 million whites [5] versus 239,000 African Americans); nevertheless, this large pooled analysis addresses the important question of whether previously observed increases in mortality risk associated with increased body size among white populations extend to African Americans. Additional strengths of this pooled analysis include consistent harmonization of confounders, the ability to evaluate the BMImortality association across a number of potentially important effect modifiers, and the long duration of follow-up.
This study was limited first by reliance on self-reported data for height and weight. There is evidence that under-reporting of weight and over-reporting of height results in systematically lower BMI values from self-report compared to measured values [23] and that this underestimation may bias associations between BMI and mortality [24] . However, substantial agreement between selfreported and measured BMI when categorized (as we have done in this analysis) has been reported [25] . Nevertheless, these results should be interpreted in light of the fact that the BMI values were derived from self-report. An additional limitation is the reliance on a single measurement in time for body size as well as chronic illness. A further limitation of this pooled analysis, is between-study heterogeneity that cannot be explained. Evidence of moderate between-study heterogeneity was noted based on relatively high I 2 statistics, although our analyses dropping each study in turn revealed that much of the variation was related to lack of strong declining trends in risk across the 15-24.9 kg/m 2 range in the largest cohort (CPSII).
In conclusion, this large pooled analysis demonstrated that BMI is clearly related to risk of death among African American adults, with sizeable excesses in mortality among those in the highest BMI categories. The pattern of association was similar to that observed in pooled analyses of whites and East Asians. This study provides compelling evidence to support public health efforts to prevent excess weight gain and obesity in African Americans. Figure S1 Forest plots examining heterogeneity across cohorts by gender and BMI (15-24.9 and 25-60 kg/m2). Hazard ratios (and 95% confidence intervals) shown for all-cause mortality per 5-unit increase in body mass index (BMI) among healthy, never smokers. (DOCX) Table S4 Hazard ratios (HR) and 95% confidence intervals (CI) from multivariate Cox proportional hazards models for all-cause mortality according to categories of body mass index among African Americans study participants without chronic illness at baseline who never smoked, stratified by region of the country. (DOCX) Table S5 Hazard ratios (HR) and 95% confidence intervals (CI) from multivariate Cox proportional hazards models for all-cause mortality according to categories of body mass index among African American participants without chronic illness at baseline who never smoked, stratified by age at baseline. (DOCX) Table S6 Hazard ratios (HR) and 95% confidence intervals (CI) from multivariate Cox proportional hazards models for all-cause mortality according to categories of body mass index among African American participants without chronic illness at baseline who never smoked, stratified by physical activity. (DOCX) Table S7 Hazard ratios (HR) and 95% confidence intervals (CI) from multivariate Cox proportional hazards models for all-cause mortality according to categories of body mass index among African American participants without chronic illness at baseline who never smoked, stratified by specific cause of death and gender.
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